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Introduction: Accurate mediastinal nodal staging is essential 
for patients with resectable non–small-cell lung cancer and is 
achieved by combined endobronchial ultrasound and transesoph-
ageal endoscopic ultrasound (EUS). Training requirements for 
EUS-guided fine-needle aspiration (FNA) for lung cancer staging 
are unknown.
Methods: Pulmonologists from Denmark and The Netherlands were 
enrolled in a dedicated, supervised training program. They performed 
standardized EUS-FNA procedures for mediastinal nodal analysis 
and their performances were assessed by EUS experts using a vali-
dated EUS assessment tool. Data were collected prospectively and 
used to plot learning curves and relate these to procedures performed 
by experienced investigators.
Results: Four participants performed 91 EUS-FNA procedures 
(range, 19–24). The performances of the participants improved sig-
nificantly and became more consistent, but were still highly variable 
even in the latter part of the learning curves. Only two of the partici-
pants reached the mean score of experienced operators—after 17 and 
23 procedures, respectively.
Conclusions: Pulmonologists with knowledge of lung cancer stag-
ing and experience in bronchoscopy quickly improved their perfor-
mance of EUS-FNA. However, acquisition of skills varies between 
individuals, and certification should be based on assessment of per-
formance of multiple cases. Twenty procedures were not enough to 
secure consistent and competent performance of all trainees.
Key Words: Assessment, Education, Transesophageal ultrasound, 
Training requirements.
(J Thorac Oncol. 2013;8: 1402–1408)
Lung cancer is the leading cause of cancer mortality, with an estimated 1.4 million deaths annually throughout the 
world.1 Surgical resection of the tumor is the treatment of 
choice to achieve cure, but only patients with non–small-
cell lung cancer (NSCLC) without evidence of regional and 
distant metastases are eligible for surgery.2,3 Careful tumor, 
node, metastasis staging has to be performed to identify these 
patients, preferably including whole-body positron-emission 
tomography with computed tomography,4 and mediastinal tis-
sue sampling in case of suspected mediastinal involvement.5 
Traditionally, surgical cervical mediastinoscopy was used for 
mediastinal nodal tissue staging, but combined endobronchial 
ultrasound (EBUS) and transesophageal endoscopic ultra-
sound (EUS) offer at least similar sensitivity at a lower com-
plication rate, and should therefore be the first step.6,7
Training requirements for EBUS-guided transbron-
chial needle aspiration have been published by the European 
Respiratory Society/American Thoracic Society, the 
American College of Chest Physicians, and by the British 
Thoracic Society, whereas no specific requirements have been 
defined for EUS-guided fine-needle aspiration (FNA) for 
mediastinal staging of NSCLC.8–10 Both the European Society 
of Gastrointestinal Endoscopy and the American Society for 
Gastrointestinal Endoscopy have provided guidelines for 
achieving competence in EUS-guided FNA of pancreatic 
and nonpancreatic lesions, recommending a minimum of 
150 supervised cases, of which 75 should be pancreaticobili-
ary and 50 EUS-guided FNA.11,12 It is generally agreed that 
sampling mediastinal lymph nodes is technically easier and 
therefore these guidelines cannot be applied to mediastinal 
staging.13 Little research has been done in this particular area, 
which affects a large number of patients as the incidence of 
lung cancer is very high. One study showed that chest phy-
sicians participating in an EUS implementation program 
including investigation of 50 lung cancer patients obtained 
results in mediastinal staging similar to those of experts with 
longstanding experience.14 Another study showed that it was 
possible to perform high-quality EUS-FNA of mediastinal 
lymphadenopathies even in small-volume centers (<50 EUS 
procedures/endoscopist/year).15 However, specific training 
requirements and learning curves to achieve basic competence 
are unknown.
The aim of this study was therefore to explore the initial 
training experiences of pulmonologists learning EUS-FNA 
for mediastinal analysis. The research questions were:
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What are the characteristics of learning curves for pulmo-
nologists performing EUS-FNA of mediastinal lymph 
nodes?
How can we secure consistent and competent performance of 
EUS-FNA procedures in mediastinal staging of NSCLC?
MATERIALS AND METHODS
Study Design
Four pulmonologists with experience in flexible bron-
choscopy and theoretical knowledge about lung cancer stag-
ing participated in the study. They had all been trained by 
gasteroenterologists to introduce a standard gastroscope into 
the esophagus but did not have any experience in EUS. They 
were enrolled in training programs at Gentofte Hospital, 
Copenhagen, Denmark (institution 1) or Leiden University 
Medical Center, Leiden, The Netherlands (institution 2); both 
institutions have departments of pulmonology with extensive 
experience in ultrasonographic guided sampling from the 
mediastinum. Once or twice a week the trainees joined an expe-
rienced EUS physician at the endoscopy suite where the EUS 
procedures were performed on an outpatient basis. Initially 
they watched and participated in approximately 10 procedures, 
learning how to interpret the ultrasonic images of the medias-
tinal anatomy,16 practicing handling of the scope, and perform-
ing two to three FNAs. Then they started performing the entire 
procedure under close supervision, and from this point data 
for the current study were collected. The performances of the 
trainees were registered prospectively using the validated EUS 
assessment tool (EUSAT; see below). Procedures performed 
by the trainees were supervised by an EUS expert whose pri-
mary concern at all times was the safety of the patient and the 
adequacy of the procedure. He was responsible for the qual-
ity of the biopsies and gave verbal advice when needed, and 
overtook the scope if deemed necessary.
The Standardized Mediastinal EUS Procedure
All procedures were performed in a standardized way to 
ensure a thorough and systematic examination and to facili-
tate learning. Handling of the endoscope, pattern recognition 
including identification of six anatomical landmarks, and the 
correct performance of biopsies were targeted as focus areas. 
The patients were positioned on the left side facing the opera-
tor and were under conscious sedation using midazolam and 
phentanyl. Flexible echoendoscopes with curved array trans-
ducers were used; the Pentax EG3870UTK (Pentax Europe, 
Hamburg, Germany) at institution 1, and the Pentax FG34UX 
(Pentax Europe) at institution 2. All biopsies were performed 
with 22-gauge needles; the Sono-Tip 3 (Medi-Globe GmbH, 
Grassau, Germany) needle at institution 1 and the Hancke-
Vilmann needle (Medi-Globe GmbH) at institution 2. The 
ultrasound pictures were oriented with the cephalic side to the 
left at institution 1 and to the right at institution 2.
The EUS-scope was introduced through the mouth and 
advanced via the esophagus into the stomach until the left liver 
lobe could be identified (landmark 1: Fig. 1A). By clockwise 
rotation of the scope first the aorta with the celiac trunk (land-
mark 2: Fig. 1B) and then the left adrenal gland (landmark 3: 
Fig. 1C) could be found before the scope was slowly retracted. 
For every 4 cm of retraction the scope was rotated 360 degrees 
to systematically inspect all mediastinal structures adjacent 
to the esophagus. The subcarinal lymph node station 7 was 
found close to the right pulmonary artery and the left atrium 
(landmark 4: Fig. 1D), and by further retracting the scope the 
reflections from the trachea were seen. Between the aortic arch 
and the left pulmonary artery the left lymph node station 4 
could be found (landmark 5: Fig. 1E), before searching for the 
right lymph node station 4 in the area where the azygos vein 
enters the superior caval vein (landmark 6: Fig. 1F). After a 
complete anatomical investigation was performed, the super-
visor allowed the trainee to start performing biopsies. To avoid 
spread of malignant cells to structures that would upstage the 
patient a specific order was followed: First M1-structures (dis-
tant metastases, i.e., the left adrenal gland), then N3 lymph 
nodes followed by N2 and N1 lymph nodes before sampling 
of the primary tumor if possible and indicated. To ensure good 
biopsies and minimize risk to the patient and the equipment 
special attention was directed toward correct positioning of 
the transducer, use of the sheath, and use of the needle.
Assessment of the Procedures
The supervisor assessed the performance of the train-
ees using the EUSAT (Table 1) during or immediately after 
the procedures. The tool was created specifically to access 
performance of EUS-FNA of mediastinal structures, and was 
validated in a study that found excellent reliability and good 
discriminative ability.17 Twelve items (insertion of the scope, 
identification of each of the 6 anatomical landmarks described 
above, orientation overall, positioning of the transducer, use 
of sheath, use of needle, and biopsy sampling overall) were 
assessed on a five-point scale and recoded into scores from 
zero to four points, giving a maximum score of 48 points. 
If verbal guidance from the supervisor was needed for some 
part of the procedure the related item(s) only scored one 
point, and if the supervisor had to take over the endoscope 
the item(s) scored zero points. At institution 1 a Sono-Tip 3 
needle (Medi-Globe GmbH) enabling positioning of the outer 
sheath length was used, whereas the Hancke-Vilmann needle 
(Medi-Globe GmbH) was used at institution 2. The latter nee-
dle has a fixed length of the outer metal sheath, which meant 
that the use of the sheath by the trainee could not be assessed. 
To allow comparison of the total scores this item was given 
the score “4.”
The mean total EUSAT score of 15 EUS-FNA proce-
dures performed by three experienced physicians who had 
performed approximately 200 EUS-FNA procedures for 
mediastinal nodal staging each before assessment was used 
to indicate the level of competent performance. To avoid 
rater bias these procedures were video recorded and mixed 
with procedures performed by trainees before being assessed 
blindly by three independent EUS experts.17
Statistical Analysis
The individual learning curves of the participants were 
plotted in a scatter/dot plot to visualize the development 
in the EUSAT scores, and the mean score of experienced 
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investigators was included as reference. To explore the steep-
ness of the learning curve the procedures were grouped in 
blocks of five procedures (1–5, 6–10, 11–15, and 16–20), and 
the mean scores of each block were compared. Furthermore 
the procedures numbered 16 to 20 were compared with 15 pro-
cedures performed by experienced investigators. Comparisons 
were done using independent samples t test. Levene’s test was 
used to test the consistency of the performances. Statistical 
analysis was performed using a statistical software package 
(PASW, version 19.0; SPSS Inc., Chicago, IL). The differ-
ences were considered to be statistically significant when the 
p value was less than 0.05.
Ethics
All procedures were supervised by an expert in EUS, 
and the Ethics Committee of the Capital Region of Denmark 
had approved supervised assessment of EUS trainees: Protocol 
no. H-3-2010-071.
RESULTS
The demographics of the participants, all pulmo-
nologists who had performed on average 263 flexible 
bronchoscopies, are shown in Table 2. The four partici-
pants performed 91 EUS-FNA procedures in total (range, 
19–24) and 86 (95%) of these were assessed using the 
FIGURE 1.  Schematic drawings and endosonographic examples of the six anatomical landmarks that should be identified 
in every transesophageal EUS procedure for mediastinal staging of non–small-cell lung carcinoma. The dot in the drawings 
and the “H” in the endosonographic pictures mark the cephalic orientation of the endoscope (= the direction from where the 
needle is coming). A, EUS view of the left liver lobe. The transducer is positioned in the distal esophagus/cardia. B, EUS view 
from the stomach visualizing the AO and CT. C, EUS view of the left adrenal gland depicting its body and two wings (sea gull 
sign). The EUS scope with the transducer is positioned in the stomach. D, EUS image of the subcarinal nodes (station 7) that are 
located between the left atrium and pulmonary trunk. The transducer is positioned in the esophagus at approximately 30 cm 
from the incissors. E, EUS image of the left paratracheal nodes (station 4 left) that are located between the aorta and left pulmo-
nary artery. Notice the needle from the left upper corner entering the node. The distal end of the endoscope is positioned in the 
esophagus at approximately 25 cm from the teeth. F, EUS view of the right paratracheal node (station 4 right) that is located 
adjacent to the azygos vein and can often only be detected when enlarged because of the intervening air from the trachea. 
EUS, endoscopic ultrasound; AO, abdominal aorta; CT, celiac trunk.
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EUSAT. The learning curves of the participants are shown 
in Figure 2A–D.
Table 3 shows the mean scores and the SDs of proce-
dures numbered 1 to 5, 6 to 10, 11 to 15, and 16 to 20, and the 
mean score and SD of three experienced investigators. The 
mean scores increased for each group of procedures, and the 
differences were significant when comparing procedures 1 to 
5 with procedures 6 to 10, and when comparing procedures 
numbered 16 to 20 with procedures performed by experi-
enced investigators. The SDs were reduced for each group of 
procedures, and were significantly different when comparing 
procedures numbered 1 to 5 with procedures numbered 16 
to 20, p = 0.048, and when comparing procedures numbered 
1 to 5 with procedures performed by experienced investiga-
tors, p = 0.018.
DISCUSSION
The respiratory physicians in this study showed continu-
ing improvement in their EUS-FNA competence during the 
performance of their first procedures. The mean EUSAT score 
of the sixth to tenth procedure was significantly higher than 
the mean score of the first to fifth procedure, and this finding 
accords well with the typical negatively accelerated learning 
curve: In the initial part of a learning curve the performance 
improves considerably with only a little training whereas a lot 
of additional training is required to reach expert level in the 
late stage.18 A task that is relatively easy to learn is identified 
by a steep learning curve. The learning curves of respiratory 
physicians performing EUS-FNA for mediastinal staging in 
this study compares favorably with earlier published learning 
curves for EUS-guided FNA of solid pancreatic masses,19,20 
which supports the belief of experts that sampling of medias-
tinal structures is easier to learn.11,13 However, only two of the 
participants reached the mean score of experienced operators, 
after 17 and 23 procedures, respectively, and even though the 
performances became more consistent, the learning curves of 
TABLE 2.  Demographics of the Participants
Sex 2 females, 2 males
Age Mean 39 (range, 31–49)
Years as a doctor Mean 12 (range, 7–19)
Years in departments of pulmonology Mean 7 (range, 4–10)
Number of flexible bronchoscopies Mean 263 (range, 150–500)
Number of blind TBNA procedures Mean 38 (range, 10–100)
Number of EBUS procedures Mean 71 (range, 0–200)
TBNA, transbronchial needle aspiration; EBUS, endobronchial ultrasound.
TABLE 1.  Endoscopic UltraSound Assessment Tool
Insertion of the Endoscope
1
Unable to Insert 
Endoscope 2
3
Needs Several Attempts to Insert 
Endoscope 4
5
Perfect Insertion of 
Endoscope at First 
Attempt
Presentation of: Not visualized Visualized with difficulty or badly 
presented
Perfectly visualized with 
apparent ease
Liver 1 2 3 4 5
Aorta + truncus coeliacus 1 2 3 4 5
Left adrenal gland 1 2 3 4 5
Lymph node station 7 1 2 3 4 5
Lymph node station 4 Left 1 2 3 4 5
Lymph node station 4 Right 1 2 3 4 5
Orientation overall 1
Totally unacceptable 
investigation
2 3
Acceptable but unsystematic 
investigation
4 5
Systematic and thorough 
investigation 
demonstrating perfect 
knowledge of the 
anatomy
Biopsy sampling: positioning of 
transducer
1
Major flaws in positioning
2 3
Some problems with positioning
4 5
Perfect positioning of 
transducer every time
Biopsy sampling: use of sheath 1
Sheath is used in a wrong 
way with risk of scope 
damage
2 3
Insecure localization of the sheath 
during the procedure
4 5
Perfect use of sheath
Biopsy sampling: use of needle 1
Targeted sites are missed 
and/or important 
structures are damaged
2 3
Insecure use of needle with a few 
errors
4 5
Perfect use of needle in 
every pass
Biopsy sampling overall 1
Biopsies performed with 
major risk to the patient/
equipment
2 3
Possibility of inadequate biopsies 
because of insufficient technique
4 5
Perfect sampling using 
excellent technique
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all four participants continued to show highly variable per-
formance. Referring to the classic three-stage learning model 
presented by Fitts and Posner the participants started the tran-
sition from the first, cognitive, stage (characterized by inferior 
and highly variable performance) to the second, associative, 
stage where the performance is refined and becomes more 
consistent. However, EUS-FNA is a complicated procedure 
requiring prolonged deliberate practice before entering the 
third, autonomous, stage characterized by consistent superior 
performance.21
We agree with the technical guidelines from the 
European Society of Gastrointestinal Endoscopy that dis-
courage self-training, and based on the learning curves 
(Fig. 2A–D) it seems as though 20 supervised EUS-FNA pro-
cedures are not enough to secure a consistent and competent 
performance in an unsupervised setting. Any recommendation 
regarding the necessary number of procedures must be inter-
preted with caution. First of all, it is important to acknowledge 
the fact that not all individuals learn at the same pace, mak-
ing it impossible to state a single number of procedures that 
guarantee basic competency of every physician. As a conse-
quence the newest EBUS-guidelines have decided not to quote 
specific numbers of procedures required and instead recom-
mend that focus should be toward monitoring an individual’s 
performance and outcome.10 Second, the EUSAT only assess 
the technical aspects of EUS-FNA, such as demonstration of 
the anatomy, scope positioning, and correct use of the needle, 
whereas other important skills that can be difficult to learn 
such as the ability to interpret images (e.g., computed tomog-
raphy, positron-emission tomography with computed tomog-
raphy) and knowledge of the indications, risks, and benefits of 
the procedure is not assessed.22 No training program should 
FIGURE 2.  The individual learning curves of the four respiratory physicians performing fine-needle aspiration for mediastinal 
staging of non–small-cell lung carcinoma using transesophageal EUS-FNA. Each procedure was assessed using the validated EUS 
assessment tool, giving a score between 0 and 48 points. The dotted line shows the mean score of 15 procedures performed 
by experienced operators, who had performed approximately 200 EUS-FNA procedures each before assessment, and is used 
to indicate the level of competent performance. A, Participant number 1, institution 1 (Denmark). Prior EBUS experience: 200 
procedures. B, Participant number 2, institution 1 (Denmark). Prior EBUS experience: 50 procedures. C, Participant number 3, 
institution 2 (The Netherlands). No prior EBUS experience. D, Participant number 4, institution 2 (The Netherlands). Prior EBUS 
experience: 35 procedures. EUS-FNA, endoscopic ultrasound fine-needle aspiration.
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only consist of teaching practical application and technical 
aspects,23 and the assessment of the trainees cannot be based 
solely on the EUSAT score. Finally, one should be aware that 
the respiratory physicians in this study had considerable prior 
experience in flexible bronchoscopy and were trained in intro-
ducing a gastroscope before the study. Three of the trainees in 
our study also had experience in EBUS, which is very likely to 
accelerate the learning curve for EUS. Therefore, our findings 
should not be generalized to assessment of complete novices. 
Studies about bronchoscopy24,25 and colonoscopy26,27 found 
that performance of 75 to 80 (bronchoscopy) and between 150 
and 275 (colonoscopy) procedures were necessary to ensure 
basic competency.
On the basis of our findings we recommend that EUS-
FNA trainees should have the necessary theoretical knowl-
edge about lung cancer staging, have learned how to introduce 
a gastroscope, and practiced interpretation of endoscopic 
images of the mediastinal structures. Once these prerequi-
sites are in order the trainee should perform EUS-FNA pro-
cedures in a supervised setting. The procedures should be 
formally assessed using a validated assessment tool to provide 
a systematic approach and minimize bias. These assessments 
should guide the decision of whether the trainee has reached 
the necessary level of competence to start performing proce-
dures without supervision, that is, by demanding a series of 
five consecutive procedures reaching the cutoff score.
The ability to reach the cecum has been used as a sim-
ple proof of competence in colonoscopy, but EUS-FNA has 
no simple proxy success criteria, which makes it difficult to 
completely avoid the biases in assessment of EUS-FNA com-
petence. Virtual-reality simulators have been proposed as 
providers of objective and unbiased assessments but no such 
simulators exist for EUS-FNA of mediastinal structures, and 
even if they did, questions have been raised about the discrimi-
native abilities of simulators.28,29 Traditionally the diagnostic 
yield has been used to report on the quality of performed 
procedures but in a supervised environment the yield will be 
highly influenced by the supervisor. As self-training is dis-
couraged and supervisors are ethically committed to ensure 
the best possible quality of care for their patients, initial learn-
ing curves must be explored using assessment by experts. The 
prospective use of a validated assessment tool created espe-
cially to assess performance of EUS-FNA (the EUSAT) added 
strength to this study by providing a more reliable assessment 
than unstructured direct observation. However, several types 
of bias can negatively affect precision of the assessment tool. 
End-aversion bias/central tendency bias,30 where the assessor 
often refrains from using the extreme ends of the scale, results 
in a flatter curve where higher scores are obtained in the ini-
tial part of the learning curve (no items receive the score “0”) 
but the curve plateaus at a lower level because the maximum 
score is rarely used. Another possible type of bias is Halo,30 
whereby judgments made on individual aspects of a person’s 
performance are influenced by the rater’s overall impression. 
In this study the Halo-effect would mean that a good intro-
duction of the scope and initial demonstration of the anatomy 
would automatically make the rater give good scores on items 
regarding the ability to take biopsies. This would artificially 
improve scoring in the initial part of the learning curve and 
should, of course, be avoided. Finally, another common pitfall 
producing high scores in the initial part of the learning curve 
is assessing the supervisor where a lot of verbal instructions 
improves the performance of the trainee, like in the movies 
where an untrained civilian successfully lands a plane using 
instructions over the radio.
Further actions could have been taken to minimize bias. 
Blinded assessments based on video recordings of all proce-
dures could have removed potential bias resulting from human 
relations between the physician and the supervisor, that is, 
subjectivity, false impressions, the three isms (ageism, racism, 
sexism), rumour, grudge, and misinterpretation.31 However, 
this is a laborious and time-consuming process and it was 
omitted because the EUSAT had shown good correlation 
between scores obtained under direct observation and scores 
based on blinded video recordings of procedures.17 Formalized 
rater education could have helped standardize the use of the 
assessment instrument and may have minimized bias.32
A limitation to our study is the low number of trainees 
and the relatively limited number of procedures performed. 
Despite the proven usefulness of EUS for pulmonary indica-
tions, very few respiratory physicians enter systematic EUS-
FNA training programs. We sought to counteract this fact by 
including trainees at two international centers, yet four partic-
ipants must still be considered a limited number. Furthermore, 
the participants failed to reach the plateau phase of the learn-
ing curve characterized by consistent and high scores, and it 
would have been interesting to continue assessments in the 
supervised setup. We hope that in the future more institutions 
report results of systematic in-training assessment, which 
will continue to add important knowledge regarding train-
ing requirements for clinical procedures. Collection of more 
EUSAT assessment data would also make it possible to create 
a credible pass–fail score based on a recognized examinee-
based standard setting method, that is, the contrasting groups 
method,33 which is superior to using performance of experi-
enced operators as reference.
CONCLUSIONS
Respiratory physicians with knowledge of lung cancer 
staging and experience in bronchoscopy quickly improved 
their performance of EUS-FNA of mediastinal lymph nodes 
during a supervised training program. However, acquisition 
of skills varies between individuals, and competency should 
TABLE 3.  The Scores (Mean and SD) of Four Blocks of 
Procedures: 1 to 5, 6 to 10, 11 to 15, and 16 to 20
n Mean Score SD p
Procedure nos. 1–5 20 26.4 6.0 0.004
Procedure nos. 6–10 20 31.6 4.7 0.47
Procedure nos. 11–15 17 32.7 4.6 0.086
Procedure nos. 16–20 18 35.3 4.1 <0.001
Experienced investigators 15 40.6 3.3
p values show comparisons between each block. The scores of three experienced 
investigators are shown and compared with the performance of trainees in procedures 
numbered 16 to 20.
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be based on assessment of performance of multiple cases. 
Twenty procedures are not enough to secure consistent and 
competent performance of all trainees.
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